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Description

TECHNICAL FIELD

[0001] The present invention relates to a method of displaying an image, such as a thermal image, on a see-through
display. More specifically, the displayed image would otherwise be non-visible for the user of the see-through display.
The invention also relates to a corresponding imaging system and to a computer program product for implementing the
method.

BACKGROUND OF THE INVENTION

[0002] In various fields, it would be useful to show non-visible information, such as thermal information, on a transparent
or see-through display, referred to also as an augmented reality display, for a user. This could be particularly useful for
example for firefighters, who often encounter difficulties to see through thick smoke. Currently existing hands-free thermal
vision systems rarely use superior see-through displays as displaying thermal images on such displays while respecting
the way the user perceives them is badly understood. Currently commercially available products can be divided into
handheld thermal cameras used for firefighting for example, hands-free thermal vision devices used for firefighting for
example, and augmented vision devices used in other fields of applications.
[0003] Handheld firefighting thermal cameras use liquid crystal display (LCD) screens to provide a "live" thermal image
to the firefighter. Depending on the camera model, the associated thermal image processing ranges from very simple
(black and white images with limited image enhancement) to more complex (using multiple image enhancement tech-
niques for increasing contours and details of objects) with multiple colour schemes. However, the image processing and
optimisation carried out for standard LCD screens cannot often be used in the context of see-through displays (for
example because black and white thermal images are very faintly perceived). As far as hands-free thermal vision devices
are concerned, only few commercially available devices exist. These devices are typically based on LCD screens,
displayed in a glance mode (i.e. out of central vision). Augmented vision devices for other fields of applications may be
used for instance in military (e.g. pilot helmets), medical (augmented reality assisted surgery) and driving (head-up
displays) applications and they use similar concepts for displaying information in a partially nonobtrusive manner. How-
ever, especially when compared to the needs of thermal imaging or firefighting, the requirements for the image processing
are quite different.
[0004] An ideal augmented vision system displays non-visible information in such a manner that it only adds information
to the already visible information (this is how seamlessness of the system is defined) as opposed to a system which
would present a high level of obtrusiveness, preventing the user from accessing important visible information. This goal
is similar to various sensor fusion applications, where two (or more) images from different modalities are mixed together
in order to maximise the resulting information. However, there are some important distinctions between traditional sensor
fusion applications and imaging applications for see-through displays. Firstly, in sensor fusion applications, the user has
an unmitigated control over the final image, which is not the case with transparent see-through display applications,
where it is only possible to superpose onto the final image as perceived by the user. Secondly, the dynamic range of
real world lighting applications is far greater than that of the augmented reality displays, which poses the problem of
how to show relevant information in all lighting situations. Thirdly, traditional sensor fusion applications have mostly
focused on how to blend images in order to maximise detail perception. However, for example in the firefighting domain,
both the detail perception and the temperature perception (understanding the exact temperature of an object) are im-
portant.
[0005] Thermal image processing has been studied for a wide variety of applications. However, in most if not in all of
the cases, the information value has come from either the structure (thermal shapes) or the metric value (temperatures).
However, in some fields, such as applications for firefighters, both the structure and metric value are of importance,
because firefighters use a thermal camera for dangerous situation assessment. This leads to two major problems: how
to compress the thermal image to maximise detail perception while maintaining good temperature perception, and how
to colourise the resulting image. Most of the currently known image compression techniques to compress an incoming
thermal image to a more reduced range image rely on finding an optimal histogram equalisation technique. However,
these techniques are typically applicable to static images only. Furthermore, existing solutions to colourise a thermal
image are not suited to firefighting applications, for example. The existing solutions mostly focus on colourising images
with natural daytime appearance. Other colour schemes are usually limited to two types: single colour schemes (e.g.
black to red colourmaps) and rainbow schemes (high number of colours). The needs for firefighters, for example, are
however not covered by these techniques.
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SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to overcome at least some of the problems identified above related to
displaying electromagnetic radiation information on a see-through display.
[0007] According to a first aspect of the invention, there is provided a method of displaying an image on a see-through
display as recited in claim 1.

• The proposed new solution has the following advantages:Good perception of contours of objects and physical
elements (such as walls, floor, furniture) to enhance spatial orientation.

• Good perception of temperature of objects (if temperature is of interest) based on an estimate of a level of danger.

• Robustness of the displayed image towards environmental conditions, such as lighting conditions, scene information
etc.

• Unobtrusiveness of the displayed image towards the perception of the real world. Possible visual cues are visible
at all times and are not blocked by the displayed image.

[0008] According to a third aspect of the invention, there is provided an imaging system for displaying an image on a
see-through display as recited in claim 15.
[0009] Other aspects of the invention are recited in the dependent claims attached hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Other features and advantages of the invention will become apparent from the following description of a non-
limiting example embodiment, with reference to the appended drawings, in which:

• Figure 1 shows schematically some hardware components, which may be used to implement the proposed method
according to an example of the present invention;

• Figure 2 shows an example grayscale image obtained by a thermal sensor according to an example of the present
invention;

• Figure 3 shows a histogram of the image of Figure 2 according to an example of the present invention;

• Figure 4 shows a histogram of a lower temperature image part of Figure 2 according to an example of the present
invention;

• Figure 5 shows an equalised histogram of the histogram of Figure 4 according to an example of the present invention;

• Figure 6 shows a contrast enhanced lower temperature graysacle image part for the image of Figure 2 according
to an example of the present invention;

• Figure 7 shows a rescaled higher temperature grayscale image part of the image of Figure 2 according to an example
of the present invention;

• Figure 8 shows a histogram of the image of Figure 7 according to an example of the present invention;

• Figure 9 shows a colourised lower temperature image part obtained from the image of Figure 6;

• Figure 10 shows a colourised higher temperature image part obtained from the image of Figure 7;

• Figure 11 shows a nested colourmap used to colourise the lower and higher temperature image parts of Figures 6
and 7, respectively, according to an example of the present invention;

• Figure 12 shows an alpha mask obtained from the higher temperature image part of Figure 7 according to an example
of the present invention;



EP 3 729 366 B1

4

5

10

15

20

25

30

35

40

45

50

55

• Figure 13 shows a final colourised blended image obtained from the images of Figures 9 and 10; and

• Figure 14 is a flow chart illustrating the proposed method according to an example of the present invention.

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

[0011] An embodiment of the present invention will now be described in detail with reference to the attached figures.
This embodiment is described in the context of a firefighting application, but the teachings of the invention are not limited
to this environment. For instance, the teachings of the present invention could be used in any other scenario, where
thermal information would add information, such as security applications, heavy industry (metallurgy, cement works)
applications, specific sports, medical applications etc. Also, the teachings of the present invention are also not specifically
tied to thermal imaging, but they could be adapted to other sensors, such as ultraviolet or radar sensors, to show non-
visible information in a seamless manner. Identical or corresponding functional and structural elements which appear
in the different drawings are assigned the same reference numerals.
[0012] The present invention is in the field of augmented vision, a term which may be defined as the enhancement of
the human visual system by presentation of non-visible (yet physical) information by using transparent field of view or
vision displays, also referred to as augmented or mixed reality (AR/MR) displays. More specifically, the teachings of the
present invention are particularly useful in the context of critical and emergency applications, where a quick understanding
of information is crucial. The non-visible information considered may be electromagnetic radiation in the infrared spectral
range. It typically extends from the nominal red edge of the visible spectrum at 700 nanometres (frequency 430 THz) to
1 millimetre (300 GHz). Thus, the electromagnetic radiation may be thermal radiation and emitted by an object enshrouded
in smoke and for this reason normally not visible. However, the teachings of the present invention are also applicable
to electromagnetic radiation in other spectral ranges.
[0013] The present invention is based on an algorithm, which processes thermal images or electromagnetic radiation
images more broadly in order to display them on a see-through display in the best possible way. The "seamlessness"
of the displayed image depends on how the non-visible information has been processed to maximise understanding of
the mixed (visible + non-visible) image, how the image has been adapted to the use of a transparent display, and how
it has been adjusted or calibrated to the current environment. The present invention defines models, algorithms and/or
testing procedures needed to achieve the user perception of "seamlessness". The two major parts of this algorithm or
process are briefly explained next.
[0014] A balance between details and thermal perception through a nested colourmap: The present invention uses
two different specifically designed colourmaps to achieve two separate goals. This is believed to be the optimal way of
displaying a thermal image with the goal of maximising both detail and temperature perception. This approach could be
used on normal displays as well. A colourmap may be defined as a look-up table for matching input grayscale values
to colour values. Prior to applying the colourmaps, a specific histogram equalisation technique is used as explained later
in more detail. Histogram equalisation is a technique used for adjusting image values to enhance contrast.
[0015] Specific adaptation to transparent displays: Due to the presentation of an image directly in the field of view of
the user, AR displays tend to maximise the defects of the image stream, and can rapidly become uncomfortable to wear
if no extra care has been taken to minimise these defects. The techniques proposed for brightness or luminance adaptation
(also display transparency adaptation) tackle the largest perceptual problems of any augmented vision system.
[0016] Figure 1 schematically illustrates the hardware components which may be useful for understanding the teachings
of the present invention. A helmet 1, in this example a firefighting helmet, is designed to be worn by a firefighter. A
thermal camera component or unit 3 is installed at the front part of the helmet and in this example comprises a thermal
camera or sensor 5 and a luminosity sensor 7. The thermal camera 5 is configured to capture one or more electromagnetic
radiation frames, in this example thermal image frames or simply thermal frames, of the environment. A thermal frame
is understood to be a matrix of temperatures as detected or measured by the thermal camera. A thermal frame may
then be visualised as a thermal image so that in this example for each image pixel there is a corresponding temperature
matrix value in the temperature matrix. The temperature values of the temperature matrix can thus be simply converted
into encoded image pixel values. When multiple frames are taken, then these frames may be shown as a video for the
user. In this example, each of the matrix element values is encoded in 14 bits. For this reason, the thermal frame may
be called a 14-bit temperature matrix. A modified thermal image as will be explained later may be shown on a display
9, which in this example is a see-through display 9. A see-through display is an electronic display, which allows the user
to see what is shown on the (glass) screen while still being able to see through it. The see-through display 9 may have
an integrated display brightness control unit or this unit may be provided separately. In Figure 1, there is also shown a
breathing mask 11 for the firefighter. It is to be noted that instead of being mounted on the helmet 1, the thermal camera
5 and/or the luminosity sensor 7 could be mounted on the breathing mask 11 or somewhere else. A data processing or
software unit, which is not shown in Figure 1, is configured to process the thermal frames prior to displaying the modified
or processed thermal frames on the see-through display 9. A wireless or wired data communication link is provided
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between at least some of the following components: the thermal camera component 3, the data processing unit, the
brightness control unit and the see-through display 9.
[0017] As mentioned earlier, both the details and the temperature perception (understanding the exact temperature
of an object) are important for firefighting applications. However, in data visualisation, these are opposing goals, namely
quantity reading / identification task (temperature) and form perception (details). To arrive at the present invention,
findings of the data visualisation were first validated by carrying out psycho-perceptual experiments in which the observers
were given two separate tasks: compare pairs of images in terms of number of details, and estimate the value of a
portion of a displayed image. Each of these tasks were repeated multiple times using different colour schemes repre-
senting the various possibilities offered by data visualisation. These experiments were performed on a normal computer
screen by blending a thermal image and a visual image together to simulate the effect of using a transparent system,
and by using a specific AR display model. It was quickly concluded that one "ideal" colourmap was not possible, as
multi-colour colourmaps gave better results on the temperature estimation task, while single colour colourmaps worked
better on the detail perception as will be explained below in more detail.
[0018] According to one example of the present invention, a system and a method are provided for processing and
displaying thermal images on a see-through display for firefighting applications. The system is thus configured to carry
out the method. The processing of the original thermal frame is in this example divided into three phases as summarised
below and explained later in more detail:

1. Automatic gain control: The original thermal frame (input frame or matrix for the processing unit), which can be
visualised as an original thermal image as shown in Figure 2 and captured by the thermal camera 5, is processed
in order to lower the input dynamic range to the display output dynamic range. This involves dividing the first
temperature matrix, also referred to as the input temperature matrix, into two matrices of the same size: a second
or lower temperature matrix containing all the temperatures below a specific threshold and a third or higher temper-
ature matrix containing all the temperatures above or equal to this threshold. The lower temperature matrix is then
non-linearly transformed into an image of a lower dynamic range (a lower temperature image), while the higher
temperature matrix is linearly transformed into an image of a lower dynamic range (a higher temperature image).
By automatic gain control is thus understood a process through which the dynamic range of the input thermal frame
or temperature matrix is reduced towards the display dynamic range while maintaining good contrast. Dynamic
range may be defined as the ratio of an input or output maximum value to minimum value. The dynamic range of a
thermal camera is typically higher than the dynamic range of a display.

2. Colourisation: The lower temperature image is then colourised by using a first colourmap, referred to also as a
lower temperature colourmap, while the higher temperature image is then colourised by using a second colourmap,
referred to also as a higher temperature colourmap, which in this example is different from the first colourmap
(although they could be substantially the same colourmap). These two colourmaps have been designed to achieve
separate goals: for the lower temperature image to maximise form perception; and for the higher temperature image
to maximise metric data value estimation. The two images are then blended or mixed into one single continuous (in
terms of colours) image, thanks to the nested properties of the colourmaps.

3. Automatic brightness control: The colourised mixed image is then displayed on the see-through display 9. For
this purpose, the display brightness may be adapted, in this example based on two factors: the estimated information
value of the scene (i.e. the original thermal frame), and the current ambient or background light level. Low information
scenes lead to a lower display or screen brightness (more transparent perceived image), while maintaining a specific
luminosity contrast between the displayed image and the background scene. The automatic brightness control is
thus a process through which the display backlight drive or more specifically its value is computed based on the
scene’s informational value and/or the ambient light level obtained from the luminosity sensor 7.

[0019] The automatic gain control process is next explained in more detail. The process uses a new global histogram
equalisation technique (global in the sense that the technique is applied to the whole thermal frame to be processed),
which aims to satisfy the two separate goals of thermal image perception (details and temperature). This is achieved by
thresholding the input temperature matrix into two separate matrices with the lower temperature matrix representing the
lower temperatures, and the higher temperature matrix representing the higher temperatures. Figure 2 shows the visu-
alisation of the original temperature matrix as the original thermal image while Figure 3 illustrates the original histogram
for that image. The peak at the right end of the histogram is caused by the thermal camera saturation. Figure 3 also
shows the temperature threshold, which in this example is set to 80°C. However, other (fixed) temperature threshold
values are equally possible. The temperature threshold may be between 40°C and 120°C, or between 60°C and 100°C
or more specifically between 70°C and 90°C. It is to be noted that that the thermal image of Figure 2 and the histogram
of Figure 3 are shown merely for illustrative purposes but the proposed method does not in fact use the thermal image
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of Figure 2 or the histogram of Figure 3 in the computations. Each of the lower and higher temperature matrices is then
treated in a different manner. The lower temperature matrix is non-linearly compressed or dilated to increase contrast
by using an adapted version of a standard histogram equalisation technique with boundaries put on the compression
(or dilation) factor as seen in Algorithm 1 given below. The reason for using this specific histogram equalisation technique
is to increase contrast while limiting the number of visual artefacts resulting from a classical histogram equalisation
technique (i.e. partial linearity can be maintained by the proposed method). In other words, the resulting histogram is
not completely flat, but only approximately flat as shown in Figure 5. It is to be noted that the histogram shown in Figure
5 shows fewer than 256 histogram bins and is thus a simplified version of the real histogram. The non-flatness thus
means that visual image artefacts can be minimised. In this manner, the lower temperature image part is contrast
enhanced through this specific non-linear histogram equalisation technique and mapped to the [0, 255] encoded image
element value range. It is to be noted that a histogram equalisation process is by nature a non-linear process.
[0020] The developed histogram equalisation technique used to process the lower temperature matrix functions as
follows:

1. All pixels (or image elements more broadly) having a value higher than the temperature threshold are ignored in
the future calculations.

2. The total number of pixels is divided by the target histogram bins (256 in this example). This gives the target pixel
count per histogram bin binlimit. If all the histogram bins contain the same number of pixels, the target histogram is
completely flat and thus perfectly equalised. However, in this example, the proposed method does not lead to a
perfectly equalised histogram.

3. A histogram as shown in Figure 4 is obtained for the lower temperature matrix, which is referred to as an input
histogram, which can be defined as a vector of number of pixels for each temperature value such that each tem-
perature value of the lower temperature matrix defines an input histogram bin.

4. Each bin of the input histogram is considered, and a new histogram, referred to as an output histogram, is obtained
by using a pseudo code described in Algorithm 1 as shown below. It is to be noted that the algorithm considers
pixels in one single input histogram bin as a single entity, ie they are all allocated to one output histogram bin. Each
value binput of the input histogram (i.e. the number of pixels in a particular input histogram bin) is added to the current
bin of the output histogram, boutput[indoutput] indicating the number of pixels in a particular output histogram bin. As
long as the number of pixels in the current bin of the output histogram has not reached or surpassed binlimit (first
condition), the output index indoutput does not change, i.e. the process keeps adding pixels from input bins (bins by
bins) to the current bin of the output histogram. It is also verified that the current output histogram bin does not span
over a too large range of input histogram bins by comparing the difference of the current input bin index indinput and
the last index indinputlast, where the process switched to a "new" output bin, with the compression limit compressionlimit
(second condition). If the difference exceeds the compressionlimit (expressed as a number of bins), the output bin
index is incremented, i.e. the process switches to filling the next output histogram bin. In other words, the process
keeps adding pixels to the current bin of the output histogram until whichever of the first and second conditions is
fulfilled. Then the process starts filing the next output histogram bin. The compressionlimit may be between 5 and
100, or 5 and 50 or more specifically between 5 and 20 bins. It is to be noted that the second condition is the novel
feature of the present histogram equalisation technique. The output histogram obtained in this manner is thus an
equalised version of the input histogram.

5. If the new histogram contains more than 256 bins, the result is linearly remapped to 256 bins (or any other given
number of bins). If the output histogram contains at most 256 bins, the histogram is not remapped.

6. A histogram back projection is calculated by remapping each pixel of the lower temperature matrix to the intended
value in the [0, 255] range by using the new histogram. This may be done for example by starting from one temperature
extreme (e.g. the lowest temperature) of the lower temperature matrix and allocating the encoded value of the first
bin of the equalised histogram to the lowest temperature values. If there are still some pixels left in the first bin of
the equalised histogram, then the process moves to the second lowest temperature values and allocates the first
bin encoded value also to the second lowest temperatures. Once there are no more pixels left in the first bin, the
process moves to the second bin and assigns the encoded value of this bin to next available temperature values in
the lower temperature matrix. In this manner, all the temperature values of the lower temperature matrix are allocated
encoded pixel values in order of increasing temperature values of the matrix. Thus, the back projection of the
equalised histogram may be considered to be a re-application of the equalised histogram to the lower temperature
matrix functioning as a look-up table for pixel brightness values.
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7. This gives the contrast enhanced lower temperature image part as shown in Figure 6.

[0021] As far as the higher temperature matrix is concerned, it is simply linearly scaled or mapped to match the limited
range of 256 encoded image element values (or any other given number of encoded values). The following equation
defines the linear mapping equation for the higher temperature matrix/image 

[0022] Each pixel value pixoutput or image element value of the rescaled temperature matrix is thus calculated by using
the above equation. Each pixel pixoutput is calculated based on the corresponding input temperature tempinput at the
same location in the higher temperature matrix. In the above equation, tempthreshold is the temperature threshold (80°C
in this case) and tempmax is the maximum temperature of the thermal camera 5. The division operation gives a value
between 0 and 1, and by multiplying it by 255, the desired range is achieved. The resulting modified or processed higher
temperature image part and its histogram are shown in Figures 7 and 8, respectively. It is to be noted that, here again,
the histogram of Figure 8 of the image of Figure 7 is merely shown for illustrative purposes, but the generation of this
histogram is optional and it is not used in the proposed method. Furthermore, the histogram shown in Figure 8 shows
fewer than 256 histogram bins and is thus a simplified version of the real histogram.
[0023] The colourisation process is explained next in more detail. In this process, the processed lower temperature
and higher temperature image parts, which are in this example 8-bit grayscale, black-and-white or monochrome images
(i.e. each pixel is encoded in 8 bits), are taken and a colour image, which in this example is a 24-bit image (i.e. each
pixel is encoded in 24 bits) is generated. This process of colourising otherwise black-and-white univariate information
is called pseudocolouring. Data visualisation theory defines two kinds of pieces of information included in images: metric
(or value) which denotes the quantity stored at each point, and form which denotes the shape and structure of the surface.
[0024] As mentioned earlier, the first colourmap is used to maximise form perception (details and contours of the
scene). In order to do this, the first colourmap is selected as a single colour colourmap comprising values of one colour.
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The first colourmap is a sequence of colour values, which vary monotonically in lightness and chromaticity. In colour
theory, lightness can be considered a representation of variation in the perception of a colour or colour space’s brightness.
It has a direct relation with relative luminance (same definition as for the luminance but bound to values [0,100]). Chro-
maticity is the definition of what "colour" a specific pixel or image element is perceived, regardless of its luminance. The
first colourmap can be visually shown as a line comprising a given number of connected colour points (in this example
256) each having a different colour value. In this example, the lightness or brightness of the colours in the first colourmap
become brighter when moving towards the right end of the first colourmap. In the present example, the colour chosen
for the first colourmap is blue, but any other suitable colour could be chosen instead. The first colourmap in this example
thus comprises 256 different values of blue for colourising the processed lower temperature image. It is to be noted that
in this example, each colour value in the first and second colourmaps is defined by thee colour channel components
each defined with 8 bits. The processed lower temperature grayscale image is then colourised with the first colourmap
to obtain a colourised and processed lower temperature image. A grayscale version of that image is shown in Figure 9.
[0025] The second colourmap is used to maximise metric data value estimation, i.e. the capacity of the user to estimate
the value (here temperature) of a specific part of the image. This is implemented by maximising the number of perceptually
distinct colour sectors (just-noticeable difference (JND)) in the second colourmap but with all colours sharing similar
equal visual importance. It is estimated that in firefighting applications, a 610°C approximation is acceptable in a tem-
perature range between 80°C and 680°C. It corresponds to 60 separate colour sectors. Also the second colourmap can
be visually represented by a line comprising a given number of connected colour points (in this example 256) each
having a different colour value. The second colourmap is in this example built around 4 distinct main colours and
interpolated linearly between these colours, selected in such a way to achieve JNDs > 60. These main colours from left
to right are in this example white, yellow, orange and red. A grayscale version of a colourised and processed higher
temperature image is shown in Figure 10. This image is obtained by colourising the processed higher temperature
grayscale image with the second colourmap.
[0026] The first and second colourmaps can be combined to obtain a nested or combined colourmap consisting of the
first and second colourmaps as shown in Figure 11, the first colourmap being the left half of the nested colourmap, while
the right half is the second colourmap. In this example, the first and second colourmaps are connected in such a manner
that the connecting colour values of the first and second colourmaps have substantially the same chromaticity and
lightness values. It is to be noted that it is not necessary to physically connect or combine the first and second colourmaps,
but preferably a colour value at one end of the first colourmap has lightness and chromaticity values which are the same
as the ones of a colour value at one end of the second colourmap to provide a seamless link between the two colourmaps
and thus to avoid artefacts in the image. The first and second colourmaps can be said to be static in the sense that they
remain constant for multiple thermal frames, for example for the entire duration of one or more videos consisting of a
set of consecutive image frames.
[0027] The two colour images are then combined or blended using an alpha mask shown in Figure 12. The alpha
mask, which is a binary image or matrix of the same size as the original temperature matrix, is derived from the original
thermal frame so that the temperature values higher than the threshold temperature are given a first value, while the
temperature values smaller than or equal to the threshold temperature are a second, different value. More specifically,
the image element or pixel values of the alpha mask are either 0 or 1. In this example, pixel values of the alpha mask
are 1 wherever the temperature values in the original thermal frame are above the temperature threshold, which in this
example is 80°C. Other pixel values in the alpha mask are set to 0. The alpha mask indicates how the colourised and
processed higher temperature image should be superimposed on the colourised and processed lower temperature
image. In other words, the values 1 in the alpha mask indicate the pixel locations where the colourised and processed
higher temperature image should replace the pixels of the colourised and processed lower temperature image. Instead
of replacing pixels, the blended image may be obtained as a completely new image starting from the colourised lower
and higher temperature images. Figure 13 shows a grayscale version of the final blended colour image.
[0028] The automatic brightness or luminosity control process is next explained in more detail. The luminosity of the
display and its corresponding luminance is adapted to the luminance of the background such that both the visible
background and thermal overlay information are understandable. Luminosity is defined as the total light emitted by the
full display module, and more specifically the total light emitted by the backlight drive. On the other hand, luminance is
defined by how much luminous energy is detected by a human eye when looking at a surface (either the background
or the display) at a given angle of view. It defines how bright the surface looks. The display and the background need
to keep a fixed luminance ratio if it is desired that the screen always appears "equally" bright. The luminosity or luminance
adaptation is implemented by using an integrated or separate backlight in the display 9 and the forward-looking luminosity
sensor 7. In order to find the right parameters for their relation, both the display 9 and luminosity sensor 7 are first
characterised.

• For the display 9, a spectroradiometer is used at various backlight intensities. The goal is to measure the overall
display transmissivity, the luminance values of all individual display colours at a fixed backlight level as well as the
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varying luminance for all possible backlight levels.

• The luminosity sensor 7 is either pre-calibrated, or if needed, the characterisation is carried out by using a trusted
light source, along with colour filters with known translucent properties. In this manner, the response of the sensor
to different colours at different light levels can be established.

[0029] In addition to the goal of maintaining a correct ratio of display luminance to scene luminance, the automatic
brightness control is optionally also responsible for adapting the luminance of the display depending on the scene’s
(image’s) information value. This value may be determined by the total dynamic range of the original thermal frame. A
low dynamic range typically implies a final thermal image with low information value, e.g. when the user is looking directly
at a wall having only a very limited temperature range. In these cases, the luminance (or brightness) of the display is
adapted in such a way that the display or the displayed image is seen as more transparent. The scene information value
is computed to stay within [0:1] range.
[0030] If both the scene luminance and the scene information value are considered, then the automatic brightness
control is limited by four separate thresholds:

• A lower absolute threshold backlightlow under which the display backlight drive value is not diminished;

• An upper absolute threshold backlighthigh over which the display backlight drive value is not increased;

• a lower ratio threshold ratiolow, which is a fixed ratio of the display luminance to the scene luminance, and corresponds
to low scene information value, which is a value typically slightly higher than 0. The lower ratio threshold ratiolow
may be chosen empirically and may be a value between 1 and 1.4 or more specifically a value between 1.1 and
1.3, such as 1.2; and

• an upper ratio threshold ratiohigh, which is a fixed ratio of the display luminance to the scene luminance, and corre-
sponds to normal scene information value, which is a value typically equal to or slightly below 1. The upper luminosity
ratio threshold ratiohigh may be chosen empirically and may be a value between 1.8 and 2.2 or more specifically a
value between 1.9 and 2.1, such as 2.

[0031] The full automatic brightness control algorithm according to one example is described in Algorithm 2 below.
The target luminance ratio lumratio (the display luminance divided by the scene luminance) is first calculated by multiplying
the sceneinformation value with the upper ratio threshold ratiohigh. It is then determined whether or not the obtained value
is under the lower ratio threshold ratiolow, and if it is, then the lumratio is set it to this threshold value. The screen luminance
lumscreen is then calculated by multiplying the lumratio with the measured scene luminance lumscene. Now the screen
luminance is compared with the two absolute thresholds backlightlow and backlighthigh, and set it to one of these boundary
values if the screen luminance would otherwise be lower than backlightlow or higher than backlighthigh. According to this
example, the lumratio varies depending on the scene information value. In this example, scene information values between
the lower and upper thresholds result in linearly increasing display backlight drive values.
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[0032] The flow chart of Figure 14 summarises the proposed method of displaying non-visible information on the see-
through display 9. In step 101, the original thermal frame is obtained by using the thermal camera 5. In other words, the
original thermal frame is made available by the thermal camera 5 as a temperature matrix with a high dynamic range
DRH. In step 103, three matrices of the same size and shape as the original temperature matrix are generated from the
original temperature matrix obtained in step 101:

• The lower temperature matrix TML comprises all the temperature values below or equal to the temperature threshold,
the other temperature values are set to 0;

• The higher temperature matrix TMH comprises all the temperature values above the temperature threshold, the
other temperature values are set to 0;

• The alpha mask, map or matrix TMA whose matrix values are set to 1 for all the non-zero values of TMH and 0 for
the other matrix element values.

[0033] In step 105, the histogram, referred to as the input histogram, for the lower temperature matrix is generated.
In step 107, the input histogram is equalised as explained above to obtain the equalised output histogram. In step 109,
the contrast enhanced lower temperature grayscale image is generated from the equalised histogram and from the lower
temperature matrix TML. Thus, in steps 105, 107 and 109, the lower temperature matrix TML is non-linearly mapped to
the lower temperature grayscale image with a short dynamic range DRS by using the histogram equalisation technique.
This process also leads to obtaining a modified lower temperature matrix so that the lower temperature image can be
derived from the modified lower temperature matrix. In step 111, the lower temperature grayscale image is colourised
by using the first colourmap to obtain the lower temperature colour image CL.
[0034] In step 113, the higher temperature matrix TMH is linearly mapped to the higher temperature grayscale image
with a short dynamic range DRS. This involves obtaining a modified higher temperature matrix so that the higher tem-
perature grayscale image can be derived from the modified higher temperature matrix. In step 115, the higher temperature
grayscale image is colourised by using the second colourmap to obtain the higher temperature colour image CH.
[0035] In step 117, the colour images CH and CL are blended using the alpha map TMA to obtain the combined colour
image CF with the following formula CF = CL + TMA * CH. In step 119, the combined colour image CF is transmitted either
wirelessly or through a cable to the display 9. In step 121, the value of the display backlight drive is determined based
on the scene’s information value derived from the original input thermal frame and/or luminosity sensor input value. In
step 123, the combined colour image CF is displayed on the see-through display 9 with the display backlight drive set
to the value determined in step 121.
[0036] While the invention has been illustrated and described in detail in the drawings and foregoing description, such
illustration and description are to be considered illustrative or exemplary and not restrictive, the invention being defined
solely by the appended claims. Other embodiments and variants are understood, and can be achieved by those skilled
in the art when carrying out the claimed invention, based on a study of the drawings, the disclosure and the appended
claims. For example, instead of using the histogram equalisation technique as explained above, any other process of
enhancing contrast could be used to process the lower temperature image part. Thus, any suitable standard histogram
equalisation technique could be used instead of the technique described above.
[0037] In the claims, the word "comprising" does not exclude other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that different features are recited in mutually different dependent claims
does not indicate that a combination of these features cannot be advantageously used.

Claims

1. A method of displaying an image on a see-through display (9), the method comprising:
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• obtaining (101) a first electromagnetic radiation matrix of an object, the first matrix comprising first matrix
elements representing radiation intensity values of corresponding locations of the object;
• dividing (103) the first matrix into a second matrix representing a first subset of the radiation intensity values
of the matrix elements, and a third, different matrix representing a second, different subset of the radiation
intensity values of the matrix elements;
• generating (105) a first histogram for the second matrix;
• equalising (107) the first histogram to obtain an equalised second histogram;
• generating (109) a first grayscale image representing the first subset of the radiation intensity values from the
second matrix and the equalised second histogram;
• colouring (111) the first grayscale image with a first colourmap to obtain a first colour image;
• generating (113) a second grayscale image representing the second subset of the radiation intensity values
by mapping substantially linearly the second subset of the radiation intensity values to a given number of encoded
radiation intensity values;
• colouring (115) the second grayscale image with a second colourmap, which is different from the first colourmap,
to obtain a second colour image;
• combining (117) the first colour image and the second colour image to obtain a combined colour image of the
same size and shape as the first colour image or the second colour image; and
• displaying (123) the combined colour image on the see-through display (9).

2. The method according to claim 1, wherein the radiation intensity values of the second matrix are equal to or lower
than a threshold value, and the radiation intensity values of the third matrix are higher than the threshold value, or
vice versa.

3. The method according to any one of the preceding claims, wherein the electromagnetic radiation is thermal radiation.

4. The method according to any one of the preceding claims, wherein the first colourmap and the second colourmap
define a first colour look-up table and a second colour look-up table, respectively, such that the first and second
colour look-up tables each comprise n distinct colour values, where n equals the given number of encoded radiation
intensity values.

5. The method according to claim 4, wherein the n distinct colour values of the second colourmap are each individually
distinguishable for the human eye.

6. The method according to any one of the preceding claims, wherein the first colourmap comprises colour values
whose lightness and chromaticity values increase substantially linearly from a first end of the colourmap to a second,
opposing end of the colourmap.

7. The method according to any one of the preceding claims, wherein a first colour value at one end of the first colourmap
has a first lightness value and a first chromaticity value, while a second colour value at one end of the second
colourmap has a second lightness value and a second chromaticity value, and wherein the first lightness value is
substantially the same as the second lightness value, and the first chromaticity value is substantially the same as
the second chromaticity value.

8. The method according to any one of the preceding claims, wherein the first colourmap is a single colour colourmap,
whereas the second colourmap is a multi-colour colourmap.

9. The method according to any one of the preceding claims, wherein the object is non-visible to the human eye.

10. The method according to any one of the preceding claims, wherein the method further comprises generating a binary
fourth matrix of the same size and shape as the first matrix, wherein the fourth matrix comprises fourth matrix
elements which are set to 1 for every non-zero value of the third matrix and the other fourth matrix elements are set
to 0, or vice versa, and using the fourth matrix to combine the first and second colour images.

11. The method according to any one of the preceding claims, wherein the first histogram comprises first histogram
bins, while the second histogram comprises second histogram bins, and wherein equalising the first histogram
comprises allocating image elements of the first histogram bins to the second histogram bins such that all the image
elements of a single first histogram bin are allocated to one second histogram bin such that filling a particular second
histogram bin with the image elements of the first histogram bins is stopped as soon as at least one of the following
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events happens:

• a number of image elements in that particular second histogram bin reaches a second threshold value; and
• a number of different first histogram bins used to fill that particular second histogram bin reaches a third
threshold value.

12. The method according to any one of the preceding claims, wherein the method further comprises adapting (121)
the luminance of the see-through display (9) based on object background luminance and/or information content of
the first matrix.

13. The method according to claim 12, wherein the method further comprises determining the object background lumi-
nance and keeping a ratio of "display luminance" to "object background luminance" substantially constant.

14. The method according to claim 12, wherein the method further comprises determining the object background lumi-
nance and varying a ratio of "display luminance" to "object background luminance" between a lower threshold and
a higher threshold depending on the information content of the first matrix, where the lower threshold corresponds
to low information content, while the higher threshold corresponds to normal information content.

15. An imaging system for displaying an image on a see-through display (9), the system comprising means for:

• obtaining a first electromagnetic radiation matrix of an object, the first matrix comprising first matrix elements
representing radiation intensity values of corresponding locations of the object;
• dividing the first matrix into a second matrix representing a first subset of the radiation intensity values of the
matrix elements, and a third, different matrix representing a second, different subset of the radiation intensity
values of the matrix elements;
• generating a first histogram for the second matrix;
• equalising the first histogram to obtain an equalised second histogram;
• generating a first grayscale image representing the first subset of the radiation intensity values from the second
matrix and the equalised second histogram;
• colouring the first grayscale image with a first colourmap to obtain a first colour image;
• generating a second grayscale image representing the second subset of the radiation intensity values by
mapping substantially linearly the second subset of the radiation intensity values to a given number of encoded
radiation intensity values;
• colouring the second grayscale image with a second colourmap, which is different from the first colourmap,
to obtain a second colour image;
• combining the first colour image and the second colour image to obtain a combined colour image of the same
size and shape as the first colour image or the second colour image; and
• displaying the combined colour image on the see-through display (9).

Patentansprüche

1. Verfahren zum Anzeigen eines Bildes auf einer durchsichtigen Anzeige (9), wobei das Verfahren Folgendes umfasst:

• Erhalten (101) einer ersten Matrix elektromagnetischer Strahlung eines Objekts, wobei die erste Matrix erste
Matrixelemente umfasst, die Strahlungsintensitätswerte entsprechender Orte des Objekts darstellen;
• Unterteilen (103) der ersten Matrix in eine zweite Matrix, die eine erste Teilmenge der Strahlungsintensitäts-
werte der Matrixelemente darstellt, und eine dritte unterschiedliche Matrix, die eine zweite unterschiedliche
Teilmenge der Strahlungsintensitätswerte der Matrixelemente darstellt;
• Erzeugen (105) eines ersten Histogramms für die zweite Matrix;
• Ausgleichen (107) des ersten Histogramms, um ein ausgeglichenes zweites Histogramm zu erhalten;
• Erzeugen (109) eines ersten Graustufenbildes, das die erste Teilmenge der Strahlungsintensitätswerte aus
der zweiten Matrix und dem ausgeglichenen zweiten Histogramm darstellt;
• Färben (111) des ersten Graustufenbildes mit einer ersten Farbkarte, um ein erstes Farbbild zu erhalten;
• Erzeugen (113) eines zweiten Graustufenbildes, das die zweite Teilmenge der Strahlungsintensitätswerte
darstellt, durch im Wesentlichen lineares Zuordnen der zweiten Teilmenge der Strahlungsintensitätswerte zu
einer gegebenen Anzahl von codierten Strahlungsintensitätswerten;
• Färben (115) des zweiten Graustufenbildes mit einer zweiten Farbkarte, die sich von der ersten Farbkarte
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unterscheidet, um ein zweites Farbbild zu erhalten;
• Kombinieren (117) des ersten Farbbildes und des zweiten Farbbildes, um ein kombiniertes Farbbild derselben
Größe und Form wie das erste Farbbild oder das zweite Farbbild zu erhalten; und
• Anzeigen (123) des kombinierten Farbbildes auf der durchsichtigen Anzeige (9).

2. Verfahren nach Anspruch 1, wobei die Strahlungsintensitätswerte der zweiten Matrix gleich oder kleiner als ein
Schwellenwert sind und die Strahlungsintensitätswerte der dritten Matrix höher als der Schwellenwert sind oder
umgekehrt.

3. Verfahren nach einem der vorhergehenden Ansprüche, wobei die elektromagnetische Strahlung Wärmestrahlung ist.

4. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Farbkarte und die zweite Farbkarte eine
erste Farbnachschlagetabelle beziehungsweise eine zweite Farbnachschlagetabelle derart definieren, dass die
erste und die zweite Farbnachschlagetabelle jeweils n eindeutige Farbwerte umfassen, wobei n der gegebenen
Anzahl von codierten Strahlungsintensitätswerten entspricht.

5. Verfahren nach Anspruch 4, wobei die n eindeutigen Farbwerte der zweiten Farbkarte jeweils einzeln für das mensch-
liche Auge erkennbar sind.

6. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Farbkarte Farbwerte umfasst, deren Hel-
ligkeits- und Farbartwerte im Wesentlichen linear von einem ersten Ende der Farbkarte zu einem zweiten, gegen-
überliegenden Ende der Farbkarte zunehmen.

7. Verfahren nach einem der vorhergehenden Ansprüche, wobei ein erster Farbwert an einem Ende der ersten Farb-
karte einen ersten Helligkeitswert und einen ersten Farbartwert aufweist, während ein zweiter Farbwert an einem
Ende der zweiten Farbkarte einen zweiten Helligkeitswert und einen zweiten Farbartwert aufweist, und wobei der
erste Helligkeitswert im Wesentlichen der gleiche wie der zweite Helligkeitswert ist und der erste Farbartwert im
Wesentlichen der gleiche wie der zweite Farbartwert ist.

8. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Farbkarte eine einfarbige Farbkarte ist,
wohingegen die zweite Farbkarte eine mehrfarbige Farbkarte ist.

9. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Objekt für das menschliche Auge nicht sichtbar ist.

10. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Verfahren ferner das Erzeugen einer binären
vierten Matrix mit der gleichen Größe und Form wie die erste Matrix, wobei die vierte Matrix vierte Matrixelemente
umfasst, die für jeden von Null verschiedenen Wert der dritten Matrix auf 1 gesetzt sind und die anderen vierten
Matrixelemente auf 0 gesetzt sind oder umgekehrt, und ein Verwenden der vierten Matrix, um das erste und das
zweite Farbbild zu kombinieren, umfasst.

11. Verfahren nach einem der vorhergehenden Ansprüche, wobei das erste Histogramm erste Histogrammurnen um-
fasst, während das zweite Histogramm zweite Histogrammurnen umfasst, und wobei das Ausgleichen des ersten
Histogramms ein Zuweisen von Bildelementen der ersten Histogrammurnen zu den zweiten Histogrammurnen
derart umfasst, dass die gesamten Bildelemente einer einzelnen ersten Histogrammurne einer zweiten Histogram-
murne derart zugewiesen werden, dass ein Füllen einer speziellen zweiten Histogrammurne mit den Bildelementen
der ersten Histogrammurne gestoppt wird, sobald wenigstens eines der folgenden Ereignisse erfolgt:

• eine Anzahl von Bildelementen in dieser speziellen zweiten Histogrammurne erreicht einen zweiten Schwel-
lenwert; und
• eine Anzahl unterschiedlicher erster Histogrammurnen, die verwendet werden, um diese spezielle zweite
Histogrammurne zu füllen, erreicht einen dritten Schwellenwert.

12. Verfahren nach einem der vorhergehenden Ansprüche, wobei das Verfahren ferner das Anpassen (121) der Leucht-
dichte der durchsichtigen Anzeige (9) basierend auf der Objekthintergrundleuchtdichte und/oder einem Informati-
onsgehalt der ersten Matrix umfasst.

13. Verfahren nach Anspruch 12, wobei das Verfahren ferner das Bestimmen der Objekthintergrundleuchtdichte und
ein Halten eines Verhältnisses von "Anzeigeleuchtdichte" zu "Objekthintergrundleuchtdichte" im Wesentlichen kon-
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stant umfasst.

14. Verfahren nach Anspruch 12, wobei das Verfahren ferner das Bestimmen der Objekthintergrundleuchtdichte und
das Variieren eines Verhältnisses von "Anzeigeleuchtdichte" zu "Objekthintergrundleuchtdichte" zwischen einer
unteren Schwelle und einer höheren Schwelle in Abhängigkeit von dem Informationsgehalt der ersten Matrix umfasst,
wobei die untere Schwelle einem niedrigen Informationsgehalt entspricht, während die höhere Schwelle einem
normalen Informationsgehalt entspricht.

15. Bildgebungssystem zum Anzeigen eines Bildes auf einer durchsichtigen Anzeige (9), wobei das System Mittel für
Folgendes umfasst:

• Erhalten einer ersten Matrix elektromagnetischer Strahlung eines Objekts, wobei die erste Matrix erste Ma-
trixelemente umfasst, die Strahlungsintensitätswerte entsprechender Orte des Objekts darstellen;
• Unterteilen der ersten Matrix in eine zweite Matrix, die eine erste Teilmenge der Strahlungsintensitätswerte
der Matrixelemente darstellt, und eine dritte unterschiedliche Matrix, die eine zweite unterschiedliche Teilmenge
der Strahlungsintensitätswerte der Matrixelemente darstellt;
• Erzeugen eines ersten Histogramms für die zweite Matrix;
• Ausgleichen des ersten Histogramms, um ein ausgeglichenes zweites Histogramm zu erhalten;
• Erzeugen eines ersten Graustufenbildes, das die erste Teilmenge der Strahlungsintensitätswerte aus der
zweiten Matrix und dem ausgeglichenen zweiten Histogramm darstellt;
• Färben des ersten Graustufenbildes mit einer ersten Farbkarte, um ein erstes Farbbild zu erhalten;
• Erzeugen eines zweiten Graustufenbildes, das die zweite Teilmenge der Strahlungsintensitätswerte darstellt,
durch im Wesentlichen lineares Zuordnen der zweiten Teilmenge der Strahlungsintensitätswerte zu einer ge-
gebenen Anzahl von codierten Strahlungsintensitätswerten;
• Färben des zweiten Graustufenbildes mit einer zweiten Farbkarte, die sich von der ersten Farbkarte unter-
scheidet, um ein zweites Farbbild zu erhalten;
• Kombinieren des ersten Farbbildes und des zweiten Farbbildes, um ein kombiniertes Farbbild derselben Größe
und Form wie das erste Farbbild oder das zweite Farbbild zu erhalten; und
• Anzeigen des kombinierten Farbbildes auf der durchsichtigen Anzeige (9).

Revendications

1. Procédé d’affichage d’une image sur un affichage transparent (9), le procédé comprenant :

• l’obtention (101) d’une première matrice de rayonnement électromagnétique d’un objet, la première matrice
comprenant des premiers éléments de matrice représentant des valeurs d’intensité de rayonnement d’empla-
cements correspondants de l’objet ;
• la division (103) de la première matrice en une deuxième matrice représentant un premier sous-ensemble
des valeurs d’intensité de rayonnement des éléments de matrice, et une troisième matrice différente représentant
un second sous-ensemble différent des valeurs d’intensité de rayonnement des éléments de matrice ;
• la génération (105) d’un premier histogramme pour la deuxième matrice ;
• l’égalisation (107) du premier histogramme pour obtenir un second histogramme égalisé ;
• la génération (109) d’une première image en échelle de gris représentant le premier sous-ensemble des
valeurs d’intensité de rayonnement à partir de la deuxième matrice et du second histogramme égalisé ;
• la coloration (111) de la première image en échelle de gris avec une première carte de couleurs pour obtenir
une première image en couleur ;
• la génération (113) d’une seconde image en échelle de gris représentant le second sous-ensemble des valeurs
d’intensité de rayonnement en mappant sensiblement de manière linéaire le second sous-ensemble des valeurs
d’intensité de rayonnement en un nombre donné de valeurs d’intensité de rayonnement codées ;
• la coloration (115) de la seconde image en échelle de gris avec une seconde carte de couleurs, qui est
différente de la première carte de couleurs, pour obtenir une seconde image en couleur ;
• la combinaison (117) de la première image en couleur et de la seconde image en couleur pour obtenir une
image en couleur combinée de la même taille et de la même forme que la première image en couleur ou la
seconde image en couleur ; et
• l’affichage (123) de l’image en couleur combinée sur l’affichage transparent (9).

2. Procédé selon la revendication 1, dans lequel les valeurs d’intensité de rayonnement de la deuxième matrice sont
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égales ou inférieures à une valeur seuil, et les valeurs d’intensité de rayonnement de la troisième matrice sont
supérieures à la valeur seuil, ou inversement.

3. Procédé selon l’une quelconque des revendications précédentes, dans lequel le rayonnement électromagnétique
est un rayonnement thermique.

4. Procédé selon l’une quelconque des revendications précédentes, dans lequel la première carte de couleurs et la
seconde carte de couleurs définissent une première table de recherche de couleurs et une seconde table de re-
cherche de couleurs, respectivement, de sorte que les première et seconde tables de recherche de couleurs com-
prennent chacune n valeurs de couleur distinctes, n étant égal au nombre donné de valeurs d’intensité de rayon-
nement codées.

5. Procédé selon la revendication 4, dans lequel les n valeurs de couleur distinctes de la seconde carte de couleurs
peuvent chacune être distinguées individuellement pour l’œil humain.

6. Procédé selon l’une quelconque des revendications précédentes, dans lequel la première carte de couleurs com-
prend des valeurs de couleur dont les valeurs de clarté et de chromaticité augmentent sensiblement de manière
linéaire d’une première extrémité de la carte de couleurs à une seconde extrémité opposée de la carte de couleurs.

7. Procédé selon l’une quelconque des revendications précédentes, dans lequel une première valeur de couleur à
une extrémité de la première carte de couleurs a une première valeur de clarté et une première valeur de chromaticité,
tandis qu’une seconde valeur de couleur à une extrémité de la seconde carte de couleurs a une seconde valeur de
clarté et une seconde valeur de chromaticité, et dans lequel la première valeur de clarté est sensiblement la même
que la seconde valeur de clarté, et la première valeur de chromaticité est sensiblement la même que la seconde
valeur de chromaticité.

8. Procédé selon l’une quelconque des revendications précédentes, dans lequel la première carte de couleurs est une
carte de couleurs à couleur unique, tandis que la seconde carte de couleurs est une carte de couleurs multi-couleurs.

9. Procédé selon l’une quelconque des revendications précédentes, dans lequel l’objet n’est pas visible à l’œil humain.

10. Procédé selon l’une quelconque des revendications précédentes, dans lequel le procédé comprend en outre la
génération d’une quatrième matrice binaire de la même taille et de la même forme que la première matrice, la
quatrième matrice comprenant des quatrième éléments de matrice qui sont définis sur 1 pour chaque valeur non-
nulle de la troisième matrice et des autres quatrième éléments de matrice étant définis sur 0, ou inversement, et
l’utilisation de la quatrième matrice pour combiner les première et seconde images en couleur.

11. Procédé selon l’une quelconque des revendications précédentes, dans lequel le premier histogramme comprend
des premiers compartiments d’histogramme, tandis que le second histogramme comprend des seconds comparti-
ments d’histogramme, et dans lequel l’égalisation du premier histogramme comprend l’attribution d’éléments d’image
des premiers compartiments d’histogramme aux seconds compartiments d’histogramme de sorte que tous les
éléments d’image d’un premier compartiment d’histogramme individuel soient attribués à un second compartiment
d’histogramme de sorte que le remplissage d’un second compartiment d’histogramme particulier avec les éléments
d’image des premiers compartiments d’histogramme soit arrêté dès qu’au moins l’un des événements suivants se
produit :

• un certain nombre d’éléments d’image dans ce second compartiment d’histogramme particulier atteint une
seconde valeur seuil ; et
• un certain nombre de premiers compartiments d’histogramme différents utilisés pour remplir ce second com-
partiment d’histogramme particulier atteint une troisième valeur seuil.

12. Procédé selon l’une quelconque des revendications précédentes, dans lequel le procédé comprend en outre l’adap-
tation (121) de la luminance de l’affichage transparent (9) en fonction de la luminance d’arrière-plan de l’objet et/ou
du contenu d’informations de la première matrice.

13. Procédé selon la revendication 12, dans lequel le procédé comprend en outre la détermination de la luminance
d’arrière-plan de l’objet et le maintien d’un rapport de « luminance d’affichage » à « luminance d’arrière-plan d’objet »
sensiblement constant.
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14. Procédé selon la revendication 12, dans lequel le procédé comprend en outre la détermination de la luminance
d’arrière-plan de l’objet et la variation d’un rapport de « luminance d’affichage » à « luminance d’arrière-plan d’objet »
entre un seuil inférieur et un seuil supérieur en fonction du contenu d’informations de la première matrice, où le
seuil inférieur correspond à un contenu d’informations faible, tandis que le seuil supérieur correspond à un contenu
d’informations normal.

15. Système d’imagerie destiné à afficher une image sur un affichage transparent (9), le système comprenant des
moyens pour :

• obtenir une première matrice de rayonnement électromagnétique d’un objet, la première matrice comprenant
des premiers éléments de matrice représentant des valeurs d’intensité de rayonnement d’emplacements cor-
respondants de l’objet ;
• diviser la première matrice en une deuxième matrice représentant un premier sous-ensemble des valeurs
d’intensité de rayonnement des éléments de matrice, et une troisième matrice différente représentant un second
sous-ensemble différent des valeurs d’intensité de rayonnement des éléments de matrice ;
• générer un premier histogramme pour la deuxième matrice ;
• égaliser le premier histogramme pour obtenir un second histogramme égalisé ;
• générer une première image en échelle de gris représentant le premier sous-ensemble des valeurs d’intensité
de rayonnement à partir de la deuxième matrice et du second histogramme égalisé ;
• colorer la première image en échelle de gris avec une première carte de couleurs pour obtenir une première
image en couleur ;
• générer une seconde image en échelle de gris représentant le second sous-ensemble des valeurs d’intensité
de rayonnement en mappant sensiblement de manière linéaire le second sous-ensemble des valeurs d’intensité
de rayonnement à un nombre donné de valeurs d’intensité de rayonnement codées ;
• colorer la seconde image en échelle de gris avec une seconde carte de couleurs, qui est différente de la
première carte de couleurs, pour obtenir une seconde image en couleur ;
• combiner la première image en couleur et la seconde image en couleur pour obtenir une image en couleur
combinée de la même taille et de la même forme que la première image en couleur ou la seconde image en
couleur ; et
• afficher l’image en couleur combinée sur l’affichage transparent (9).
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